Application No.: 10/570,909 Docket No.; 14129-00001-US 

Amendment dated July 9, 2007 

Reply to Office Action of January 9, 2007 

REMARKS 

After entry of this amendment, claims 7-1 1 are pending. Claims 7, 10 and 1 1 have been 
amended without prejudice or disclaimer to delete the non-elected subject matter. Applicant 
reserves all rights to pursue the non-elected subject matter in one or more divisional applications. 
Claim 7 as amended finds support inter alia in the specification at page 4, line 1 and page 27, 
lines 7-9. Claim 10 as amended fmds support in the specification at page 1, line 14. No new 
matter has been added. 

Priority 

The Examiner acknowledged ail of the priority claims made in this application. The 
Examiner stated, however, that the effective priority date of the present application is March 26, 
2004 because the Examiner was not able to find support for the present invention in the priority 
documents EPO 03019642.2, PCT/EP2003/013980, EPO 04001895.4, and EPO 04001894.7. 
Applicant respectfully disagrees. 

As the Examiner correctly pointed out, the present invention is directed to a method for 
identifying a gamma secretase modulator comprising identifying a FADS2-interacting molecule. 
Support for the claimed invention is found at least in the earliest priority document, EPO 
03019642.2 filed on September 5, 2003, As stated in the specification of EPO 03019642.2, at 
page 292, No. 26, a method for identifying modulators of the complex No. 8 is disclosed. 
Complex No. 8 is described as a complex involved in the gamma secretase activity. See page 
284, No, 8. Furthermore, the specification of EPO 03019642.2 discloses such modulators can be 
identified by screening a molecule that binds to A6 fatty acid desaturase and determining the 
binding of such a molecule. See page 293-294, No. 31, item (x). A6 fatty acid desaturase is also 
known as FADS2. See Specification at page 4, line 1. Additionally, the 100% identity of the 
sequence of A6 fatty acid desaturase as disclosed in EPO 03019642.2 (i.e. SEQ ID NO: 166) and 
the sequence of FADS2 as disclosed in the present appUcation (i.e. SEQ ID NO: 76) indicates 
that they correspond to the same protein. Moreover, the specification of EPO 03019642.2 
further discloses a method for preparing a phanrkaceutical composition for the treatment of 
neurodegenerative diseases as claimed in claim 11. See page 298, Nos. 32 and 33. Thus, it is 
respectfully submitted that the subject matter of claims 7-1 1 is supported by the disclosure of the 
priority document EPO 03019642,2, and thus, the effective priority date of the present 
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application should be the fiHng date of EPO 03019642.2, September 5, 2003. Reconsideration is 
respectfijlly requested. 

Claim Objection 

Claims 7-1 1 were objected to for the use of improper abbreviations. In view of the 
present amendment, the objection is believed to be moot. Reconsideration and withdrawal of 
this objection is respectfully requested. 

Rejection under 35 U.S.C § 112, second paragraph 

Clmms 7-1 1 were rejected under 35 U.S.C. § 1 12, second paragraph, for allegedly being 
incomplete for omitting essential steps. In response, claim 7 has been amended to specify that a 
given test compound is identified as a FADS2-interacting molecule via its binding to FADS2. 
Methods usefiil for determining whether a given test compound binds to FADS2 are disclosed in 
the specification at pages 28-30 in detail. Thus, Applicant respectfully requests reconsideration 
and withdrawal of this rejection. 

Rejection under 35 U.S.C. S 103 

Claims 7-1 1 were rejected under 35 U.S.C. § 103(a) as being obvious over Winther et al. 
and Fechteier et al. Applicant respectfully disagrees and traverses the rejection. 

Winther et al. teach identification of molecules that modulate FADS2 activity and their 
use for the treatment of Alzheimer's syndrome. See Winther et al. at page 7, 3"* full paragraph, 
page 8, 3'*' fiill paragraph, and the paragraph bridging pages 8 and 9. Winther et al., however, do 
not teach or suggest that the identified molecules could modulate gamma secretase activity, or 
that gamma secretase modulation of such molecules should be determined. 

Fechteier et al. disclose identification of membrane-bound protease inhibitors, 
particularly gamma secretase inhibitors. Fechteier ct al. do not teach or suggest that these 
gamma secretase inhibitors could be FADS2 interacting molecules. 

At the time the present application was filed, it was known in the art that molecules 
beneficial in treating Alzheimer's disease might have completely diverse mode of action and 
involve various patiiways or mechanisms in the cell. Examples include cholinesteiase inhibitors 
that increase availability of acetylcholine, or NMDA receptor antagonists that protect against 
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glutamate excitotoxicity. As summarized in a review article authored by Dr. P. M. Doraiswamy 
(CNS Drugs, 2002, 16(12): 81 1-824), different ^preaches involving different mode of action 
may be used for the treatment of Alzheimer's disease. See Doraiswamy at page 820, Table I, a 
copy of which is attached for the Examiner's reference. Note that none of the approaches 
mentioned in the Doraiswamy article involves modulation of enzymes involved in fatty acid 
metabolism, as taught in the present application. Absent the hindsight afforded by a reading of 
Applicant's disclosure, a person of ordinary skill, upon reading Winlher et al. and Fechteler et al., 
would not have motivation to test whether the molecules identified in Winther et al. might also 
modulate gamma secretase activity. Thus, it is respectfully submitted that the disclosure of 
Fechteler et al. does not remedy the lack of teaching of Winther et al. Accordingly, the subject 
matter as claimed would not have been obvious in view of the cited references, alone or in 
combination. 

Reconsideration and withdrawal of the obviousness rejection is respectfully requested. 



For at least the above reasons, Applicant respectfully requests withdrawal of the 
rejections and allowance of the claims. 

Applicant reserves all rights to pursue the non-elected subject matter in one or more 
divisional applications. 

Accompanying this response is a petition for a three-month extension of time to and 
including July 9, 2007, to respond to the Office Action mailed January 9, 2007 with the required 
fee authorization. No further fees are believed due. However, if any additional fee is due, please 
charge our Deposit Account No. 03-2775, under Order No. 14129-00001-US from which the 
undersigned is authorized to draw. 



CONCLUSION 



Respectfully submitted. 




Hui-Ju Wu 

Registration No.: 57,209 
CONNOLLY BOVE LODGE & HUTZ LLP 
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Dmisimmtf 



appn)uches include ageuls thul nwdulale eer uiiii ictupdii s (eg. nlcoliaic, raiiscitrinio, 
a-aiT»nf>3-1iy(lroxy-5-nwlhyl-4-iso)<«/.olepK>prinntc;icid|AMPA|,Y-aminobulyric 
!H:icl [OABA|, W-wieihyl-D-aspju tiite INMDA |) and ageiits thai increase; the uvitil- 
ubility of neurotransmitters (e.g. norodrenergic roiijHiifctf inhibitors). 

Of llWKc Kinttcgies, the NMDA receptor aniugtinisi ineinnntinc is in tiie must 
aJvunced iitng« of duvclMpntenl in Uic US and ix alroudy uppnwiid in Europe as 
the first iwutnient lor unKjiirniely severe to seven; Alzheimer's di.";eiise. Meniiiist- 
iiw is proptised Ui counteract celluliir damaBo due to pu(lu)li>t;ic!i! activation of 
NMIiA nseepttws by glutaniute. Resulus with Ginkga hihha have been mixed. 
DotH for ncuroirophic therapies ami vitamin E (tncophti Hl) appear promising but 
require confirmntiun. NSAIDii and eoiyugiited cKirogen.s huvc nut proven to be 
of value to date for the treatment of Alzheimer's disease. Statins may liave a 
potential role in reducing the mk or delaying the onticl of Aldieiincr's diMiase. 
although tills has yet to be confirmed In rnndonased trials. There arc wnTently no 
data to support (be tise of statins as a treamicnl for dementia. 

This uilicle jn-ovidcs ur update on die euttvnt status of selected agents, fucuii- 
ing primarily on those agents withtlie moKt extensive ctinleurevidence at present. 



Alzlieimcr's disease is the mo.st common age- 
related neurodegenerative di.sorder, uffecling an 
estimated 4 million people in the US alone.' ' l Hall- 
marks of the tUness include amyloid pkiques and 
neurofibrillary tangles in tlie brain, as well as im- 
pairment of central cholinergic neurotransmission. 
Clinical manifestations of Alzheimer's disease in- 
volvenot only memory loss unii cognitive dysfimc- 
tton, but bI»o progivssive functional deficits and 
various behavioural and psychological syraptonu; 
including depreiLsion, psychosis, aggression, agita- 
tion and sleep disturbance. 

Until recently, the main drugs available for the 
specific treatment of Alzheimer's disease were 
clioiinesterase inhibitors, which increase the avail- 
ability of acetylcholine at cholinergic synapses. 
Drugs of this class have been widely used and are 
modeiately effective In ameliorating the symptoms 
of mild to moderate Alzheimer's <Jii!ease.t2'91 The 
most commonly used cholinestera-se inhibitors, 
donepezil, galantamine and livastigmine, have 
been studied in clinical trials of 6 to 12 montli.<;' 
duration and have been shown to improve both 
cognition and clinical impressions of global 
change relative to placebo In patients with mild to 
moderate symptoms of Alzheimer's di.sease.I''"*'' 
Emerging data indicate that cholinestenise inhibi- 
tors may also slow the loiss of certain activities of 



diiily living uiul postpone iir lUteiniaie the emer- 
gence of ccrtnin deniiiniiii-rclalcd behaviours.'*''*! 
Recently, the clTicticy of donepezil was evaluated 
in patients with moderate to severe Alzheimer's 
disease, and the drug was found to be superior to 
placebo according to measures of cogni tion, func- 
tion and behaviour.' These data suggest that the 
benefits of donepezil may extend to more ad- 
vaiioed stages of Alzheimer's disease, and a con- 
firmatory study is underway. 

Cholinesterase inhibitoi's, however, have not 
been ^own to pivvent disease progression, and few 
other data from well controlled studies arc avail- 
able to date to support their use in advanced or 
severe stages of Alzheimer' ,s disease.""' More- 
over, management of many of the noncogriitivc 
psychiatric symptoms of Alzheimer's disease of- 
ten requires adjunctive treatment with anUd(^res- 
sanls, antipsychotics, mood stabilisers and/or hyp- 
notics. Given these limitations in the available 
treatments for patients with Alzheimer's disease, 
there is a clear need for additionai therapeutics. 

Though pharmacological approaches have fo- 
cused primarily on the augmentation of cholinergic 
transmission, the pathophysiology of Alzheimer's 
disease is complex, and altered or defective p- 
amyloid {Ap) protein metabo!i.sm is increasingly 
implicated as tlie primary suspect, There is also 
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ample evidenoe that abnormalities of other CNS 
neurotransmitter pathways, tncluding glutamaterglc, 
adrenergic, seiotonergic. peptidergic and dopu- 
roinergic, me likdy to play a role in memory dys- 
function or Alzhei!iier'.s disease.'""'-" Additional 
pathological mcchunisms mtiy include defective 
tftu-metaboiism, vuscuhir cliiinges, apoptosis, sec- 
ond messenger alterations, inflamniation, oxida- 
tive stress and hormonal eftfects. Tiie pharmaco- 
logical manipulation of these non-cholinergio 
-\thway.s may provide new therapeutic strategies 
It can be implemented overtlie entire course of 
Alzlieimer's disease. 

This article will review and assess selected non- 
cholinergic approaches to the management of Alz- 
heimer's detneiitiii, focusing on recent clinical 
findings. In addition, several neuroprotective and 
preventative strategies for Alzheimer's disease 
will be discussed. 

1 . Non-Chollnergic Stralegies for the 
Treatment and P(ev«i«on of 
Alztielmer's Disease 

1,1 Metnantlne 

Glutatnate is a major excitatory neurotransmit- 
ter in the brain, and an estimated 70% of all excit- 
atory synapses in the brain ate stimulated by glu- 
taiT.ate.f5'».i5l Its effects ate mediated by different 
Receptor types, one of which is the JV-methyl-D~ ' 
ispartate (NMDA) receptor, which is found at high 
density in the cortex and hippocampus (figure 1). 

Physiologically, NMDA receptors participate 
in neuronal plasticity, which plays a crucial role in 
such processes as teaming and memoiy formation. 
Pathological activation of NMDA receptors by 
glutamate has been identified as a potential cause 
of chronic neurodegeneration in a variety of de- 
mentias, including Alzheimer's disease."^' A role 
for pathological NMDA receptor activation in Alz- 
heimer' s disease is supported by in vitro studies 
that show that AP, which accumulates to form am- 
yloid plaques in patients with the disease, in- 
creases the release of glutamate upon neuronal 
d^olarisation.l"l This effect may be mediated by 
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Ap-iiKiuced stimulation of nitric oxide production 
by microglia,' '"^ since nitric oxide enhances glu la- 
mute release.!"' also inhibits glial uptake of 
glutamate,!^'' and glutamate uptake is significantly 
lower in astrocytes derived from patients with Alz- 
heimer's di.sease relative to cells from control in- 
dividuals without dementia.!^" Excitotoxic brain 
injury, in turn, has been reported to result In in- 
creased amyloid precunsor protein levels, intro- 
ducing the possibility of a feed-forwffifd loop.l^' 

Several preclinical studies have shown that 
NMDA receptor antagoniBts prevent glatamate- 
tnduced neurotoxiclty.I^^'^'l However, the high af- 
Finity NMDA receptor blockers phencyclidine 
(PCP) and dizocilpine also confer serious adverse 
effects, including psychosis.!^' Such adverse ef- 
fects are thought to atise from the inhibidon of both 
pailiological and physiological NMDA receptor 




Fig. 1. AutotadtograpliU: imaga of a hoiizontal aectton ofa rat btah 
lowing lh8 dWrtbuUon of Blutamsle A^methyl-D-a«partate (NMDA) 
mcepKMS. Tha <fein«y ol moh iBceplora la fwfcatad bf a ookwr 
scale (re<l»=htgh density, pttipte skiwdansSy). Note the NatKieiwIly 
of NMDA woaptore In the eortox (Ox) an* also In to hit^ocampiB 
pjpo), wWoh p!ay« a ciudal toU In loatrtna and mimy («gtir« 
kindlir provided by Dr Anal BteBon. Lawrence Bedceleif Nataal 
UbonrtoriBS, BertMtey. CJA, USA), 
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Pig. 2. Schematic oi slulamate^medfaled txdtotoxiciiy via over- 
acUvalloti o( MmollTyl-D^partale (NMOA) receptora ml neuro- 
prolBcto by immamine binding lo ihese recGpiors (raptoduced 
irom Oanysz el aL.t**) wllti permission from Taylor & Francis Ltd., 
h«p://www,larKif.c6.uk/lournals). Gliilamale exclloloxldty (Jett) Is 
thought to play a role In savetal neurodogsneraiive disorderB, Includ- 
ing Alzholmer's dlseasa.fiol Momanlino. an NMDA receptor anttg- 
cnlsl, blocks excllotoxic glutamala activity (right). Because at Its 
modBfaie alllniiy end voitaga eansltlvlly. memantlnB doss not appear 
to Intarforo with ptiyslologlcal prodsasss governed by aotivalton of 
NMDA reoeptots.PSJ 



activity .E'"' In contrast, some moderate- to low- 
affinily receptor antagonists appear to selesctively 
inhibit the pathological activation of tlie recep- 
totP^i Therefore, recent research has focused on 
the use of moderate-affinity agents Ujat block the 
NMDA receptor ion channel, 

The most widely studied of these moderate- 
affinity antagonists in vivo is mernantine.!''''' Mem- 
antine has been reported to exhibit neuroprotective 
effects (see figure 2 for an outline of the mechanism 
of this effect) in many experimental paradigms 
both in vivo and m virTO.I'''"^o-''^J For example, 
tnetnaniCine protected cultured rat cortical neurons 
from gliitantate (100 jXM)-induced toxicity, with 
the concentration that produced 50% of the tnaxi- 
raal effect (ICjo) of 1,4 fimol/L.t"l In primary cul- 
tures of rat hippocampal neurons exposed to 1 
mmol/L glutainate, memantine exhibited dose-de- 
pendent neuroprotection (IC50 =1.1 |imoJ/L)."'" 
in rats injected with A-P, therapeutically relevant 
doses of memantine were shown to reduce A^- 
induoed neurotoxicity and apoptosi.s in the hippo- 



cnmpus and improve icarning.f'*^) Memantine (10 
to 20 mg/kg, given iniiaperitoneally 60 minutes 
prior to the induction of Lschaemia) protected 
against focnl i,scbaemia in rats and raice caused by 
middlcccrcbnil artery occlusion and also protected 
hippocampal neiirons from global ischiiemia.'^' 

Recently, another such study examined the pro- 
tective effect of menwntine again.'Jt neurotoxicity 
induced in the rat eholineigic nucleu.s basalis of 
IVfeynert (NBM), a brain stritcture known to be af- 
fected in Akheinwr's dlsease.i'-^l Infusion of the 
NMDA receptor agonist and toxin quinolinic acid 
directly into die rut NBM cauiws effects thai mimic 
some of the .symptoms of AlKheimer's disease: a 
decrease in cholinergic nerve tenninals, us mea- 
sured by choline acetyl transferase (ChAT) activ- 
ity, and learning defects. Pre-treatment with a ther- 
apeutical ly relevant dose of memantine attenuated 
the decline in CliAT activity and the learning de- 
fects induced by quinolic acid. 

Memantine has been used in Germany for over 
a decade to treat dementia, and it has recently been 
approved in Europe by the European Union Com- 
mittee for Proprietary Medicinal Products (CPMP) 
for the treatment of moderately severe lo severe 
Alzheimer's disease. A recent clinical trial con- 
ducted in the US evaluated the efficacy and safety 
of memantine for the treatiment of patients with 
moderate to severe Al2heima:'.s disease.'^*' In diis 
double-blind, placebo-controlled, 28-week trial, 
memantine reportedly improved cognition and 
function significantly relative to placebo, Memant- 
ine was safe and well tolerated, and there were no 
clinically important differences noted in die num- 
ber of patients who experienced adverse effects be- 
tween treatment groups. In addition, in this study, 
memandne was associated with a signifjcantiy 
lower rate of patient institutionaJisation and a sig- 
nificant leduction in caregiver time-burden rela- 
tive to placebo.l3*l The results of this trial at« pend- 
ing peer review and publication. 

In an open-label extension of this same study, 
patients who switched from placebo to memanUne 
showed an improvement in cognition, function, and 
behaviour, relative to their projected rate of de- 
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cline.'^^l These data must be interpreted with cau- 
tion given the iiinittttions of an open-label trial. 

Overall, the wealth of clinical exposure outside 
the US. as well as the trials conducted to date boUi 
in Europe and in the US, suggest that memttiitinc 
may fill an important treatment gap for patients 
vi'ith iTioderatc to severe Alzheimer's disease. Cur- 
rently, it is an investigational agent in the US, and 
studies are ongoing to assess whether this eom- 
pound \s beneficial in mild to moderate Alz- 
\heimer'a disease in patients with or without con- 
comitant cholinesterase inhibitor treatment. 

1.2 Nonsteroidal Antl-lnflammator/ Drugs 

Inflammation can cause cellular damage and 
has been implicated -iS a potential pathophysiolog- 
ical mechani.OTi of Alzheimer's disease based on 
post-mortem pathology and epidemiological stud- 
ies. Hallmarks of inflammation such as activated 
niicfoglial cell.s and proinflammatory cytokines 
have been found in post-mortem brain tissue from 
patients with Alzheimer's disease.l^'' Likewise, 
some clinical .studies have found elevated levels of 
inflammatory markers in the plasnna or CSP of pa- 
tients with the disease.'^*' 

Epidemiological studies have suggested an as- 
sociation between nonsteroidal anti-infiammatory 
drug CNSAID) use and improved cogiuUon in pa- 
tients with Alzheimer's disease or reduced occur- 
, rence of the disease, suggesting that NSAIDs may 
j' postpone or prevent the onset and progression of 
Alzheimer's disease.WWU However, results from 
prospective clinical trials have beeii mostly nega- 
tive. A pilot trial with indoinethaoin reportetl im- 
proved cognition relative to placebo in parents 
with mild to moderntely severe Alzlieimer's dis- 
ease,W2i whereas more recently the same class of 
patients treated with diclofenac were not statisti- 
cally different from placebo-treated patients on 
cognitive or funcdonai roeasures.^^^ A large, raulti- 
national, randomised clinical trial evatoating cele- 
coxib, a member of the relatively new NSAID 
class, the selective inhibitors of cyclo-oxygenase 
2 (COX-2), failed to show significant efficacy for 
the treatment of roild to moderate Alzheimer's dis- 



ease, although these data have not yet been pub- 
liahed.l'''^' Finally, recent trials examining the effi- 
cacy of naproxen and rofecoxib (another selective 
COX-2 inhibitor) also failed to demonstrate signif- 
icjtnt benefit from either NSAID in patients with 
mild to moderate Alzheimer's disease.'"^ "'' 

Recently, the focus of clinical investigation has 
shifted to the possible efficacy of NSAIDs for the 
prevention of Alzheimer's disease. However, sim- 
ilar to the efficacy data for the use of these drugs 
to treat symptoms of Alzheimer's diisense, the data 
for prevention are mixed, though relatively more 
studies report a beneficial association. For example, 
a recent prospective, observational, population- 
based cohort study in the Netherlands was con- 
ducted to determine whether the use of NSAIDs 
other than aspirin was associated with a decreased 
risk of Alzheimer's disease or vascular demen- 
tia.l'''"This study revealed a consistently decreas- 
ing risk of Alzheimer's disease with increasing cu- 
mulative duration of NSAID use over an 8-yeiir 
period, supporting the theory that NSAIDs confer 
protection against AlJitelmer's disease. Interest- 
ingly, a recent subanalysis of this study revealed 
that the use of the NSAIDs ibuprofen, indomcthn- 
cin and sulindac were largely responsible for the 
overall decreased risk observed, whereas the use 
of diclofenac and naproxen contributed little to the 
risk reduction.''**' 

In contrast, a recent retrospective case-controltea 
analysis of patients with Alzheimer's disease and 
control individuals without dementia found no sig- 
nificant difference in fte proportion of cases and 
control individuals who had received NSAIDs m 
the 3 years prior to the onset of dementi a.''"' Thus, 
the dose and duration of use required, as well as the 
type of NSAID needed to achieve maximal neuro- 
protecttve effects, is not known. The question of 
whether once daily aspurin can be effective in pre- 
venting Alzheimer's disease also remains contro- 
versial.C«'™-'='5 

It is clear that additional studies are needed to 
determine whether NSAIDs may have a role in 
reducing the risk of Alzheimer's disease, and 
randomised clinical trials are cutmitly underway. 
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One ongoing sfudy is a dementia primary preven- 
tion trial with naproxen and celecoxib, «nd another 
IN a secondary prevention triaJ witli ibuprofen in 
people with mild cognitive iiiipairment. 

1.3 Ginkgo biloba 

Ginkno biloba extracts have been used for tfiou- 
siinds ol' years in traditional Chinese medicine for 
ii variety of medicinal purposes, hi the iast .several 
decades, ginkgo extracts have been wideiy used in 
Europe to treat age-related phy.sical and cognitive 
disordens, including Alzheimer's disease, Tteanti- 
oxidutive and anti-peroxidative properties of its 
flttvonoid component and the atiti-inflnmmutory 
itctivity of its terpenoid component are thought to 
be the basis for the purported efficacy of ginkgo in 
Alzheimer's disease,!-""-^*' 

Ginkgo extract has shown significant positive 
effects on cognition relative to placebo in several, 
but not all, clinical trials of patients with mild to 
moderately severe dementia, including Alzheimer's 
disease.'"--'"''! Two comparisons of the effect size.'; 
in various trials have suggested that the cognitive 
efficacy of ginkgo appears connparable to that of 
the cholinesterase inhibitors;'^-''*! Iwwever, a thii-d 
more recent comparison indicated that choIinestej> 
ase inhibitors provide greater benefit.'^'lTliere are 
also negative trials with ginkgo as there are with 
some of the cholinesterase inhibitors, depending 
on dose, duration and study design.i'fl 

While the risk of bleeding with gingko may be 
linked to its antiplatelet effects,'"! there are few 
published data on thfe relative risk for such events 
given the raiillons of people who have used this 
iierb. Of interest, results from another recent clin- 
ical trial showed significant cognitive improve- 
ments in healiliy individuals treated with ginkgo 
(180 mg/day).I*'l However, another recent study 
using a slightly lower dosage of ginkgo ( 1 20 mg/day) 
fatted to find any evidence of cognitive efficacy in 
healthy elderly individuals.f^i Thus, the optimal 
dosage of ginkgo for use in different settings remains 
controversial, 

A large coniroUed trial of ginkgo to examine its 
efficacy and safety in the prevention of deraenda 



in older people is underway in the US, and it.s re- 
sults will influence future prescribing patterns of 
ginkgo. There is also a need for a direct, tandotn- 
isedcompaiison of cholinesteiusc inhibitors versus 
ginkgo and versus their combination in dementia, 
since such a study would potentially clarify furtiser 
the role of ginkgo in treating Alzheimer's disease. 

1.4 FPF 1070 

Nerve growth factors (NGFs) iiave been attrac- 
tive candidates for treatment of neurodegenerative 
disorders such as Alzlieimer's disetise becau.se of 
their neurotrophic activity. Indeed, human p-NGF 
has demonstrated revertwil of cholinergic neuronal 
damage in rodents and prevention of cholinergic 
neuronal degradation in prlmates.l*-^! However, tlie 
inability of NGFs to cross the blood-brain barrier 
poses inherent difficulties for its clinical use, «irtce 
high-risk surgical techniques for drug delivery are 
required including intracerebral infusion, slow- 
release biodegradable implants or grafting of NGF- 
produclng cells to intracerebral sifes.f^i Stem cell 
therapy and flie use of other growth factors or neu- 
rotrophic agents such as phosphodiesterase inhib- 
itors are still in veiy early stages of development.!*^^ 

Mote recently, it has been demonstrated that 
FPF 1070, a low molecular weight peptidic prepa- 
ration of porcine brain proteins, can be delivered 
by intravenous infusion and exhibits neurotrophic 
activity in cells of the peripheral nervous system 
and CNS.'^^^l 

In a series of preliminary clinical trials wi th 4- 
week EPF 1070 infusion (30ml FPF 1070 plus sa- 
line given on 5 consecutive days of eacli week for 
reported rtme ranges of 20 to >30 minutes), pa- 
tients witli mild to moderate Alzheimer's disease 
showed modest improvement in clinical global as- 
sessment and cognitive scores.!''*-™! a recent 
multicentre, placebo-controlled trial using the 
same FPF 1070 infusion protocol with 20-ininute 
iniitsions supported the earlier demonstrations of 
improvements in global clinical assessment scores; 
however, cognition was not improved relative to 
placebo in this trial.'"i More interestingly, the 
global improvement effects of treatment continued 
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For 2 months after the lust infusion, in agreeraent 
with earHer Imdings."''-'-'"' The significiince of this 
finding is not Icnown, but readers should note that 
the cognitive benefits trf doneperil in a sbort-tenn 
trial were lost 6 weeks after discontinualion.'"-"' 
The effectiveness of FPF 1 070 for the treatment 
of putients with moderate to severe AlsSieimer's 
disease or for the prevention of the disease has yet 
to be demonstrated. !t would also be of interest to 
determine the effects of the preparation on hippo- 
campal and brain volume «s surrogate markers of 
4eurotrophi0 activity. Future studies may shed 
more light on the promise and roJe of FPF 1070 in 
die treatment of Aizheimer's disease. 

1 .5 HMG-CoA Reductase Inhibitors 

Preclinical and epidemiological studies indi- 
cate tiirtt cholcKteiol may play an important role in 
( lie pathophysiology of Alzlieimer's dis«aise. Stud- 
ies in rodents indicate that cholesterol may regu- 
late the production of AP piotein.f"" while epide- 
miological data show that the use of HMO-CoA 
reductase inhibitors ('statins') is associated with a 
reduced risk of Alzheimer'.'* disease. l"*''^' In one 
of these epidemiological studies, statin treatment 
was associated with a lower risk of dementia (of 
any aetiology, including Alzheimer's disease) 
compared with the use of other Upid-iowering 
treatments or untreated hyperlipidaemia for pa- 
^, tients over the age of 50 years.P^' In another study, 
I the prevalence of Alzheimer's disease was 60 to 
73% lower in pntienLs taking Statins compared with 
the total patient population of tl» study or with 
patients taking other cardiac medications.^'*' Sim- 
lilarly, a third study revealed an association be- 
tween the use of statins or other lipid-lowectng 
agents and reduced risk of dementia, including 
Alzheimer's disease, in subjects under the age of 
80 ye&{sX"i Thus, the effect of statins in some of 
these studies seemed to be independent of their 
lipid-lowering actions. 

The mechanism by which statins exert this ap- 
parent protective effect against Alzheimer's disease 
is not fully understood but may involve maltiple 
pathways, including alteraUon of Ap regulation 



(via cholesterol-lowering activity), as well as al- 
teration of vascular endothelial function (via acti- 
vation of endothelial nitric oxide synthase),'"'*'''-'! 
In a recent preclinical study, two different statin.s, 
simvastatin nnd lovaxtatin, were used to treat rat 
hippocampal and mixed cortical neurons that ex- 
pressed human Ap.'"" Both statins strongly re- 
duced intracellular and extracellular Ap levels In 
the neuronal cultures. In addition, this study re- 
ported that high dose.s of simvastatin administered 
to guinea pig.i reduced AP levels in CSF and brain 
tissue, A recent clinical .study addressed the effect 
of statins on viUicular endothelial function.!'" This 
study showed that pretreatment with pravastatin 
(20 mg/day for 2 months) significantly increased 
cerebral blood flow velodty m one test of vascular 
endothelial function. 

While such findings are pron)i.sing, to date there 
are no randomised clinical trials demonstfuting the 
efficacy of statins relative to placebo in thepreven- 
tion or treatment of Alzheimer's disease. Further- 
more, it is unclear whether all statins are similarly 
effective or tolerable in this patient population. F« 
example, in one case report, a patient treated with 
simvastatin reportedly showed progressive mem- 
ory loss, which ultiraatBly was resolved by switch- 
ing the patient to pravastatin.!*"' Thus, further in- 
vestigation into the saffety and efficacy of statin 
treatment for the prevention of Alzheimer's dis- 
ease cleariy is warranted, and at least two large 
clinical trials are underway. 

While it is unlikely that statins will directly im- 
prove cognition, a large randomised trial should 
examine this issue in mild to moderate Alz- 
heimer's disease and vascular dementia. Such a 
trial ideally would also permit concomitant ther- 
apy with cholinesterase inlubitors and other agents 
as they become available. A more ptoroising study 
would be a primary dementia prevention trial of 
older adults stratified by baseline lipid levels. Such 
a study would compare a statin chosen for its anti- 
amyloid activity and be powered to show dementia 
prevention independent of its effects on lipid lev- 
els. The addition of a magnetic resonance imaging 
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outcome measure may also provide insights into 
the progression of brain ischaemia in such patients. 

1 ,6 Estrogen 

Alzheimer's disease is more prevalent in women 
than menJ'-*"! Studies in rodents demonsu^te a 
promotionai effect of estrogen on viirious meas- 
ures of brain activity, including acetylclioline lev- 
els, and reveal tiie presence of high-iifftnily estro- 
gen binding sites on neorons in bruin regions 
affected by Alzheimer's diseiise."'2,83| Xaken to- 
gether, this evidence suggests that estrogen with- 
drawal (e.g. resulting from menopause) may pre- 
dispose to Alzheimer's disease. Although the 
specific biological mechanism for the proposed 
role of estrogen in Alzheimer's di.sease is not un- 
deratood, estrogen has been reported to have more 
than 200 actions on nerve cells, including neuto- 
trophic, anti-inflammatory and anti-oxidative ac- 
tiviiy.is^l In addition, one recent study showed that 
estrogen Induced glutamate tranqjortin astrocytes 
derived from patients who had Alzheimer's dis- 
ease, suggesting that estrogen may also participate 
in the regulation of glutomatergio neurotransmis- 
sion.ii'! 

Although initial, small-scale clinical trials and 
some epidemiological studies suggested that estro- 
gen replacement may enhance cognition in postmen- 
opausal women with Alzheimer's disease,I'<''85.s6) 
recent results from three larger, double-blind, placebo- 
controlled clinical trials do not support the use of 
short-term (]2 to 16 wecla)''^'**! or long-terra (1 
year)f8'l conjugated equine estrogen replacement 
therapy for the treatment of symptoms of mjld to 
moderate Alzheimer's disease. However, other 
forms of estrogen (e.g. estradiol) may have greater 
cognitive benefits than conjugated equine estro- 
gen, a notion supported by the study conducted by 
Asthana and colleagues.^ 

Data from a variety of recent epidmiological 
studies indicate that estrogen may reduce the risk 
of developing Alzheimer's disease.S'"'-*^! How- 
ever, since women who use estrogen replacement 
therapy at or following menopause are not neces- 
sarily representative of the general population at 
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risk for Alzheimer's diseiLse, there remains contro- 
versy about whether these finding-s are somehow 
biased by a cohort effect or other factors. More- 
over, in a recent population-based study, the fre- 
quency of estrogen use was .significantiy higher in 
patients wiUi Alzheimer's disease than in those 
without the disease, und thi.s relationship between 
estrogen use and Alzheimer's di.sease remained 
significant after adjustment for a variety of socio- 
economic and health factors.)™! A prospective 
clinical trial aimed at evaluating the ability of con- 
jugated estrogen to delay the onset of Alzheimer's 
disease is cuirently underway to confirm the epi- 
demiological findings. 

It should be noted that recently, in a loiig-iemi 
trial examining the effect of hormone replacemient 
therapy on coronary heart disease in women, the 
use of combined estrogen and progestin was 
stopped as a result of an increased incidence of 
heart attacks, strokes, blood clots and breast can- 
cer.iwi However, an Increased incidence of these 
adverse events wa.s not ob.?erved in women taking 
estrogen alone, and that treatment group will con- 
tinue to be followed. The.se safety findings should 
be considered when using hormone repiacenrjent 
tlierapy in any ftiture clinical teials for the preven- 
tion of Alzheimer's disea.ie. 

1,7 AntioxUants 

In post-mortem studies of patients who had had 
Alzheimer's disease, several markers of oxidative 
damage are found in die brain, including increased 
Hpidperoxidation, increased protein and DNA ox- 
idation, and a decline in the levels of polyunsatu- 
rated fatty acids (see review by Markesbery and 
Carneyiwi). Cross-.sectional and lougiwdraal stud- 
ies have shown that elevated levels of plasma 
homocysteine, which can cause cholesterol oxida- 
tion, ate associated with poor cognition or demen- 
tia.l's^l A recent study of 1092 individuals with- 
out dementia showed that a plasma homocysteine 
level greatM- than 14 pmolfL at baseline nearly dou- 
bled die risk of developing Alzheimer's diseose 8 
years Iater.1961 Since homocysteine levels are also 
associated with vascular changes, it is unclear at 
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present how elevated homocysteine levels trans- 
late into riJik of Alzheimer's disease. Regardless, 
these results hiwe been tuken to indicnte that di- 
ctury supplementation wiUi B vkitmins or folate, 
which reduce plastmi levels of honTOcysteine, may 
provide protection From Alzheimer'R disease, and 
prospective clinical iriiils tire underway. 

AdditionaJ antioxidants have been investigated 
as possible preventatives for Aizheimer's disease, 
and epidemiological studies suggest that vitamin 
H and vitamin C may reduce the risk for the disease 
k tlie elderly. 1'^'''' "I Vitamin E slowed the progres- 
sion to institmionalisation, inability to perform ac- 
tivities of daily living, and severe dementia In pa- 
tients vs-ith moderate Alzheimer's disease, although 
these results remain controversial.!""' There Is no 
trial evidence to support a value for vitamin E in 
other siago! of Abheimer's disease. 

Prospeclive clinical trials in this patient popu- 
lation are needed to fitrtlier assess the efficacy of 
these and other antioxidants for the prevention of 
Alzheimer's tiisease. A secondary prevention trial 
of patients with mild cognitive impairment evalu- 
ating the efficacy of vitamin E is underway. 

1 .6 Ant!-Amyiold Strategies 

Strategies for the prevention of Alzheimer's 
disease that directly target the Ap protein are cur- 
rently being explored. One such strategy is imrau- 
. notherapy. In a recent study, transgenic mice that 
loverexpress Ap42, an isoform of Ap that predom- 
inates iti amyloid plaques, were used to test the 
efficacy of one immunisation strategy.''®* Un- 
treated, these transgenic mice progressively de- ■ 
velop many of the neuropathologica! symptoms of 
Alzheimer's disease, including amyloid plaques, 
neuritic dystrophy and astrogliosis. immunisation 
of young, largely presymptomatic animals with 
synthetic human Ap42 prevented amyloid plaque 
formation in seven of nine treated mice, while im- 
munisation of older animals significantly reduced 
the extent and progression of Alzheimer' s disease- 
like oeuropathotogies. 

Based on these promising results in rodents, im- 
munotherapy with synthetic human Ap42 was re- 



cently tested in humans. Results of initial safety 
tests in 100 patients apparently indicated that tlie 
immunisation wa,s safe since ro significant ad- 
verse effects were rcported.1"^' However, phase H 
trialJS a.<i.sessing this .strategy in 375 patients were 
suspended in early 2002 when some patients de- 
veloped clinical signs indicating inflammation in 
the CNS. Subsequently, additional patients re- 
ported si mi !ar symptoms, and the fate of this pro- 
gramme k unclear.!""! Since the patients in.tbe 
trial have already been treated, it is believed that 
tlwy will continue to be followed. It is not dear if 
or when results will be made public. 

Other strategies such as secretase inhibitors and 
aggregation inhibitors are in early human testing 
and unlikely to reach the clinic forsevefal years. 

1,9 Chelation Therapy 

The metal ions zinc, copper and iron are impli- 
cated in the formation of amyloid plaques based on 
in vitro experunents, rodent studies and human 
Aizheimer's disease pathology. These studies have 
found that the AP protein has copper and zinc bind 
ing sites, and that these ions, along with iron, ah 
enriched in amyloid plaques. Enrichment of zin. 
and iron is foiind in the amyloid deposits of trans 
genie mouse models of Alzheimer's di,sease, while 
enrichment of copper and zinc has been found in 
amyloid plaques of patients with the disease.H«<-""' 
In addition, a recem study demonsti-ated that copper/ 
zinc chelators can solubilise amyloid plaques.!""'! 

As an extension of these results, the copper/zinc 
chelator clioquinol was tested for the ability to in- 
hibit amyloid deposition in one transgenic mouse 
model of Alzheimer's disease.f'<»l In transgenic 
mice that exhibit AJzlieimM's di.sease-like symp- 
toms, including elevation and deposits, oral 
treatment with clioquinol for 9 weeks in a control- 
led seUing resulted in a 49% decrease in brain 
Ap deposition. Qioquinol also has shown initial 
promising results in humans. Clioquinol (20 mg/day 
and 80 mg/day) was tested in an open study of 20 
patients with Alzheimer's disease, and a sligiit im- 
provement in clinical ratings was observed after 3 
weeks of tieatmentf * '"1 More recently, results of a 
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phase Jl, pkcebo-controlied trial of clioquinol in 
32 patients with Alzheimer's disense leportedly 
sliowed that clioquinol tieatment slowed the rate 
of cognitive decline in some patients.""! How- 
ever, this study has not been published and hence 
should be interpreted accordingly. These results 
support the further lesting of this chelator as a 
novel therapy for the prevention of amyloid plaque 
formation tn Al2iieimer's disease. 



1,10 Other Strategies 

A variety of other strategics (e.g. growlh fac- 
tors, gene therapy, ampakines, .sleroid receptor an- 
tagonists, neuropeptide modulators) are being 
studied for their effects in AJ/.hcimer's disea.sc unci 
aging. Of interest, nootropics such as piraceljim 
analogues are In deveiopment for yge-associnted 
memoi7 impalrmeni, and other NMDA receptor 
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2. Conclusion 

The pathophysiology of Alzheimer's disease Is 
complex and likely U> involve multiple, intercon- 
nected pathwayK. DiUa from both biwic and clinicai 
reseiirch liave started to elucidate tiiese compli- 
cated mechanisms and have provided the field with 
promising new iherapetitic avenues or targets be- 
l-ond choUnesterase inhibition for the tiieatment of 
tlie disease {table I). These emerging strategies 
may provide treatment options for Alzheimer's 
disease thTOughout ttie course of the disease, as 
well as possible agents for prevention. 

The moderate-affinity NMDA. receptor antago- 
nist memantine is iilready available in Europe for 
treating Alzheimer's disease, Clinical data have 
demonstrated its efficacy in moderate to severe 
disease, and studies are underway to e-valuate its 
potential use in mild to moderate disease. Results 
with Ginkgo hiloba have been mixed, with some 
evidence existing for a positive effect on the cog- 
nitive symptoms of Alzheimer's disease. Rigorous 
confirmatory studies currently underway will fur- 
ther define the potential benefits of this extract. 
While the data for neurotrophic therapies appears 
promising, there is a need for larger, confirmatory 
trials. For antioxidant therapy, although there is 
^ one supportive trial of vitamin E in the treatment 
) of moderate Alzheimer's disease, it wiU be impor- 
tant to confirm these findings in a second trial. 
NSAIDs and conjugated estrogen therapies cur- 
rently do not have any proven value in the treat- 
ment of Alzheimer's disease. In addition, no posi- 
tive data cuirently exist to indicate any value for 
the use of statins in the treatment of the symptoms 
of Alzheimer's disease, but they may be useful for 
preventing the development of the disease. 

Although these therapeutic approaches have 
been presented separately in this review, their po- 
tential combined use should also be considered. 
Considering the complexity of Alzheimer's dis- 
ease and that multiple aetiologies may contribute 
to the disease, combinations of therapeutic agents 



may result in the mcst efficacious strategy for its 
treatment. Some combination therapies have al- 
ready been examined in clinical trials. For example, 
a post tuic analysis of one .study found that estrogen 
replacement therapy enhanced the beneficial ef- 
fects of the eholincsterase inhibitor tacrine,' "•''1 
Other studies are undei-way to detennine whether 
other .such additive benelits might be achieved. 

Ultimately, the goal of research into Alzheimer's 
disease is disease prevention, and a number of pre- 
ventative strategies are under inve.stlgation. Large- 
scale clinical trials are underway to examine the 
efficacy of statins, estrogen and antioxidant.H in the 
prevention of Alzheimer's disease. Larger, confir- 
matory trials of the chelaUng agent clioquinol, 
which showed modest preventative efficacy in ini- 
tial clinical .studies, arc needed. Finally, the prom- 
ising preclinical .studies of the neuroprotective ef- 
fects of the moderate affinity NMDA ncapm 
antagonist memantine warrant the clinical evalua- 
tion of this agent for the prevendon of Alzheimer's 
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